Two simple, rapid and sensitive spectrophotometric methods for the determination of three fluoroquinolones, namely levofloxacin, norfloxacin and ciprofloxacin have been performed either in pure form or in their tablets. In the first method, levofloxacin and norfloxacin are directly treated with bromocresol green (BCG) in dichloromethane while ciprofloxacin is allowed to react with the same dye in aqueous acidic buffer. Highly yellow colored complex species were formed instantaneously in case of levofloxacin and norfloxacin or after extraction into dichloromethane for ciprofloxacin. The formed complexes are quantified spectrophotometrically at their absorption maxima at 411 nm for levofloxacin and 412 nm for norfloxacin and ciprofloxacin. The second method involves the reaction of levofloxacin with ρ-chloranilic acid (ρ-CA) and norfloxacin with tetracyanoethylene (TCNE) in acetonitrile to give complexes with maximum absorbance at 521 and 333 nm for the two drugs, respectively. Adopting the first procedure, calibration graphs were linear over the range 1-20 µg mL −1 with mean percentage recoveries of 100.41 ± 0.72, 99.99 ± 0.54 and 100.23 ± 0.91 for the theree drugs, respectively. For the second procedure, the concentration ranges were 15-250 µg mL −1 for levofloxacin using ρ-CA and 0.8-16 µg mL −1 for norfloxacin using TCNE with mean percentage recoveries of 99.88 ± 0.45 and 100.26 ± 0.68 for the two drugs, respectively. The proposed methods were successfully applied to determine these drugs in their tablet formulations and the results compared favorably to that of reference methods. The proposed methods are recommended for quality control and routine analysis.
Introduction
Levofloxacin [I] (−)-(S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]-benzoxazine-6-carboxylic acid hemihydrate (the S-(−) isomer which has twice the activity of the racemate ofloxacin), norfloxacin [II] and ciprofloxacin [III] are three broad-spectrum antimicrobial agents belonging to the fluoroquinolone group. They are commercially available for treatment of a wide range of infections showing good activity against gram-negative and gram-positive bacteria by inhibition of their DNA gyrase. 1, 2 Several methods have been reviewed in the literature for the analysis of levofloxacin (either per se or as an isomer of the racemic ofloxacin), norfloxacin and ciprofloxacin. The USP 3 recommended liquid chromatographic method for determination of ciprofloxacin, while the BP 4 recommended non-aqueous titrimetric method with potentiometric detection of the end point for the analysis of norfloxacin and ciprofloxacin. Levofloxacin is not official in the USP nor in the BP, however, ofloxacin is official in the USP in which it is assayed by non-aqueous titrimetry. Spectrophotometric methods include oxidative coupling with 3-methyl-2-benzothiazolinonehydrazone hydrochloride (MBTH) and cerium (IV) ammonium sulfate 5, 6 and ion-pair formation with acid-dye reagents such as supracene violet 3B, tropeolin 00, bromophenol blue, bromothymol blue or bromocresol purple. [7] [8] [9] Also, complexation with iron (III) 10, 11 or with tris(o-phenanthroline) iron (II) and tris(bipyridyl) iron (II), 12 derivative spectrophotometry of their Cu(II) complexes, 13 charge-transfer complexation with π-acceptors such as 2,3-dichloro-5,6-dicyano-p-benzoquinone, 7,7,8,8-tetracyanoquinodimethane, p-chloranil, p-nitrophenol and tetracyanoethylene [14] [15] [16] [17] [18] and ternary complex formation with eosin and palladium 19 have been strongly reported. Other methods include titrimetry, 3, 4, 20 atomic absorption spectrometry, 21 flurimetry, [22] [23] [24] 34, 35 In the present study, two spectrophotometric methods for levofloxacin and norfloxacin and one for ciprofloxacin are proposed for their determination in bulk and pharmaceutical formulations. The methods are based upon direct chargetransfer complex formation of levofloxacin and norfloxacin with the acid-dye BCG in dichloromethane or with the π-acceptors ρ-CA and TCNE in acetonitrile and ion-pair complex formation between ciprofloxacin and BCG followed by subsequent extraction into dichloromethane. The methods are simple, rapid, sensitive and easy to apply. Furthermore, they don't need costly instrumentation required for published HPLC and capillary electrophoresis methods.
Experimental Section
Apparatus. A Shimadzu (Model 1601PC) UV-Visible spectrophotometer (Shimadzu, Kyoto, Japan), equipped with 1 cm matched quartz cells was used.
Materials and Reagents. All materials used were of analytical reagent grade. Levofloxacin, norfloxacin and ciprofloxacin were kindly provided by the Amriya Pharmaceutical Industries (Alexandria/Egypt) and their purities were established by applying the recommended official nonaqueous titrimetric methods. 3, 4 Stock solutions of levofloxacin and norfloxacin were prepared as 20 mg % in dichloromethane for the acid-dye method or 100 mg % levofloxacin and 20 mg % norfloxacin in acetonitrile for the π-acceptor method. Ciprofloxacin was prepared as 20 mg % in 0.05 M HCl. BCG was prepared as 1 × 10 Table 1 , were transferred into a series of 10 mL volumetric flasks followed by 0.8 mL of 1 × 10 −3 M BCG in dichloromethane. The mixture was shaken well, completed to volume with dichloromethane. The absorbance was measured at 411 or 412 nm for the two drugs, respectively against an appropriate blank prepared simultaneously. M BCG in 0.05 M NaOH were placed. Appropriate volume of ciprofloxacin in the concentration range shown in Table 1 , was added to each funnel and mixed well then completed to 10 mL with distilled water. The funnels were shaken vigorously with 10 mL dichloromethane for 2 min and allowed to stand for clear separation of the two phases. The absorbance of the organic phase at 412 nm was measured against a reagent blank similarly prepared.
The π-acceptor method: (a) ρ-CA: Accurately measured aliquots of levofloxacin in acetonitrile in the concentration range shown in Table 1 , were transferred into a series of 10 mL volumetric flasks followed by 2 mL of 0.01 M ρ-CA. The mixture was shaken, diluted to volume with acetonitrile and the absorbance was measured at 521 nm against an appropriate blank prepared simultaneously.
(b) TCNE: Accurately measured aliquots of norfloxacin in acetonitrile in the concentration range shown in Table 1 , were transferred into a series of 10 mL volumetric flasks followed by 0.5 mL of 0.01 M TCNE, respectively. The mixture was diluted with 5 mL acetonitrile and heated in a water bath at 60 °C for 15 min then cooled and completed to volume with the same solvent. The absorbance was then measured at 333 nm against a reagent blank prepared simultaneously.
The concentration of the studied drugs was determined referring to the calibrated curves prepared previously by ), A is the absorbance, a is the intercept and b is the slope. . Alternatively, the regression equation was derived.
Procedure for dosage forms: An accurately weighed quantity of the pulverized tablets equivalent to 100 mg of levofloxacin or 20 mg norfloxacin was extracted with dichloromethane for the acid-dye or acetonitrile for the π-acceptor method then sonicated for about 10 min. Another quantity equivalent to 20 mg of ciprofloxacin was extracted with 0.05 M HCl by shaking and sonication for 10 min. The extracts were filtered into 100 mL volumetric flasks and completed to volume with the same solvent. Aliquots of these solutions were analyzed as previously mentioned using BCG, ρ-CA or TCNE. The nominal content of the tablets was calculated either from a previously plotted calibration graph or using the regression equation.
Results and Discussion
The charge-transfer (CT) reaction has been widely studied recently. Many drugs are easy to be determined by spectrophotometry based on color CT complexes formed with electron acceptors. 36, 37 BCG is an acid sulphonephthalein dyestuff. The color of such dyes is due to opening of lactoid ring and subsequent formation of quinoid group. It behaves as a strong electron acceptor due to the presence of the strong electron withdrawing sulphonic acid group conjugated with the aromatic ring system. 38, 39 ρ-CA and TCNE are π-electron acceptors as a result of the strong electron withdrawing halo-and cyano-groups conjugated with the π-system. 39, 40 The three acceptors have been widely utilized in the literature for determination of many drugs acting as electron donors according to CT and ion-pair mechanisms. [41] [42] [43] [44] The studied drugs exhibit absorption maxima in the ultraviolet region at 260-330 nm ( Figure 1A , B & C). Owing to the presence of the F atom acting as an electronwithdrawing group, the benzene ring in the three drugs has lower electron density than the free terminal nitrogen atom in the piperazinyl moiety, so these drugs act as n-electron donors. 16 Therefore, these drugs react with electron acceptors to form CT complexes or radical anions according to the polarity of the solvent used. 45 For BCG, levofloxacin and norfloxacin in dichloromethane instantaneously form yellow colored reaction products with absorption maxima at 411 and 412 nm (Fig. 1A & B) for the two drugs, respectively. Interaction of levofloxacin with ρ-CA in acetonitrile instantaneously yields an intense purple color absorbing at a maximum of 521 nm ( Fig. 2A) while norfloxacin reacts with TCNE in acetonitrile giving a product with an absorption maximum at 333 nm (Fig. 2B) . The new absorption bands formed are the result of the formation of CT complexes. 39, 40 These complexes are formed through the lone pair of electrons donated by the levofloxacin or norfloxacin as ndonor and the charge transfer reagent as an electron acceptor in which a partial ionic bond (
) is assumed to be formed.
This interaction was particularly strong on using ρ-CA and TCNE so that it involves a complete transfer of electronic charge with the formation of an acceptor radical anion (A · − ). These radical anions formed were the predominant chromogens in those two reactions. The dissociation of the donoracceptor complex in those reactions was promoted by the high ionizing power of the solvent, acetonitrile. 46 Being insoluble in most organic solvents, 2 ciprofloxacin is allowed to react with BCG in aqueous acidic buffered medium to form dichloromethane-extractable ion-pair complex absorbing maximally at 412 nm (Fig. 1C) . At pH 3, protonation of the terminal secondary amino group in ciprofloxacin molecule takes place in acid medium, which form ion-pair with the dissociated sulphonic acid group of BCG. The ionpair complex is readily extracted into dichloromethane. The different experimental parameters affecting the formation of the complexes were extensively studied to determine the optimal conditions for the assay procedure.
Effect of Time and Temperature. The optimum reaction time was determined by following the absorbance increment at the λ max of the formed complexes. It was found that BCG and ρ-CA charge-transfer and ion-pair complexes were formed instantaneously at room temperature and remained stable for at least 24 h with the different solvents.
TCNE charge-transfer complex was completely developed after heating in a water bath at 60 °C for 15 min or at 80 °C for 10 min (Fig. 3) . However, heating at 60 °C was chosen to construct the calibration curve as higher temperature was found to affect the linearity and reproducibility. The formed complex was stable for at least 24 h, thus permitting quantitative analysis to be carried out with good accuracy.
Effect of pH.
The influence of pH on the ion-pair formation of ciprofloxacin with BCG has been studied using 0.4 M acetate buffer. The results are shown in Figure 4 . It is clear that the absorbance was found to be constant within the pH range 2.5-3.5 at which the formed ciprofloxacin-BCG ion-pair was maximally stable and hence quantitatively extracted into dichloromethane. Thus, all the absorbance measurements were carried out at pH 3.
Effect of Reagent Concentration. The optimum reagent concentration was determined by adding various volumes of the acid-dye BCG to a fixed concentration of 20 µg mL −1 of For the π-acceptor method, various volumes of ρ-CA or TCNE solutions were added to a fixed concentration of 250 or 16 µg mL −1 of levofloxacin or norfloxacin, respectively. It was found that 2 and 0.5 mL of the reagent solutions, respectively, were optimum (Fig. 5) . Effect of Solvent. Different solvents have been tried in order to achieve maximum sensitivity and product stability. Dichloromethane, chloroform and dioxane were suitable solvents for BCG complexes, acetonitrile, dichloromethane, chloroform and dioxane had the same effect in case of ρ-CA complexes, while acetonitrile was the best solvent for TCNE complexes with regard to molar absorptivity and stability. However, dichloromethane for BCG and acetonitrile for ρ-CA and TCNE complexes were chosen for further studies in the present paper.
Stoichiometric Relationship. The molar ratio of the complexes formed between the studied drugs and the three reagents used was investigated applying the molar ratio 47 and continuous variation (Job's) methods 48 using equimolar solutions of the drug and reagent. The results indicated that all the complexes were formed in the ratio of 1 : 1 ( Fig. 6  and 7 ). This finding supports that the interaction of the studied drugs and the reagents used takes place at only one site which was the more sterically free terminal basic aliphatic amino group.
Method Validation. Under the experimental conditions ) with TCNE in acetonitrile; λ = 333 nm. described above, the calibration graphs for the three drugs were constructed by plotting absorbance versus concentration in µg mL
. Conformity with Beer's law was evident in the concentration ranges cited in Table 1 . Regression equations, intercepts, slopes and correlation coefficients for the calibration data were presented in Table 1 .
The % recoveries of the pure drugs using the proposed methods compared with that given by the reference methods 8, 16, 17 are illustrated in Table 2 . The reference methods recommended are spectrophotometric determination of levofloxacin by bromothymol blue 8 at 415 nm and norfloxacin and ciprofloxacin 16, 17 by 7,7,8,8-tetracyanoquinodimethane at 743 and 843 nm for the two drugs, respectively. The validity of the proposed methods was evaluated by statistical analysis 49 between the results obtained and those of reference methods. Regarding the calculated student's t-test and variance ratio F-test (Table 2) , there is no significant difference between the proposed and the reference methods regarding accuracy and precision.
The proposed methods were successfully applied to determine the three fluoroquinolones in their commercial tablets. The concentration of the studied drugs was calculated using the corresponding calibration equation shown in Table 1 . The commonly used excipients and additives in the preparation of tablets were found not to interfere in the analysis. The % recoveries of the three drugs in their tablets compared with those of the reference methods 8, 16, 17 for the studied drugs, respectively, are given in Table 3 .
Conclusion
The methods that are proposed in this work for the quantitation of levofloxacin, norfloxacin and ciprofloxacin are simple, direct and sensitive. Moreover, with the excep-tion of ciprofloxacin determination by the acid-dye method, they are less time consuming and do not require elaboration treatment and tedious extraction procedures required in chromatographic 3, 32, 33 and other traditional extractive spectrophotometric [7] [8] [9] [36] [37] [38] methods. These, in addition to satisfactory sensitivity (1 µg mL
) and reproducibility compared to the official non-aqueous titrimetric methods, make the methods applicable for routine analysis of the three drugs both in pure form and in tablets. The formation of color probe using BCG and ρ-CA is instantaneous; thus, the methods could be readily adaptable to automated analysis such as flow injection analysis. 
